Common bean (Phaseolus vulgaris L.) is grown in regions where water deficit during reproductive development significantly reduces yield. The objective of this study was to assess morpho-physiological response to post-flowering drought stress in small red seeded common bean genotypes of diverse origin under field conditions. Forty-nine genotypes were evaluated in a 7 x 7 simple lattice design under two soil moisture regimes, non-stress (NS) and drought stress (DS) growth conditions in Gofa, Southern Ethiopia. Drought stress was initiated at flowering stage by withholding application of irrigation water. Significant differences were found among genotypes and between the soil moisture regimes except for days to flowering for the morpho-physiological traits considered. Drought stress reduced seed yield, harvest index (HI), seed per pod, seed per plant and 100-seed weight by 59%, 39%, 15%, 29% and 19%, respectively. Drought-induced reduction in seed yield of the tested genotypes ranged from 9% in ECAB-0427 to 89% in REDWOLAITA. With the highest yield of 1365.7 kg ha-1 under drought stress, ECAB-0427 was the most drought tolerant genotypes, whereas with the lowest yield of 111.9 kg ha-1, REDWOLAITA was the most sensitive genotype to the stress imposed. Superior performance of ECAB-0427 under drought stress was attributed to the maintenance of higher leaf area index (LAI) (2.8) and pod harvest index (PHI) (67.6) compared with a LAI and PHI of 0.8 and 22.1, respectively, for REDWOLAITA. Yield under drought stress was correlated with yield under non-stress (r = 0.68, p<0.01) implying that selection under drought conditions may lead to the identification of genotypes suitable for optimal conditions. Significantly higher correlation detected between GM (geometric mean) and seed yield under drought stress (r = 0.95, p<0.01) entail that the drought index can be used as one of the most important selection criteria in identifying drought resistant small red bean genotypes.
Introduction
Common bean (Phaseolus vulgaris L.) is one of the principal grain legumes of eastern and southern Africa, occupying more than 4 million hectare annually and providing food for more than 100 million people (Wortmann et al., 1998) . It is the second most important source of dietary protein and the third most important source of calories for lower income African households after cassava and maize (Broughton et al., 2003) .
The National total area allocated for bean production in Ethiopia is currently estimated at 267.069 ha of land with a total production of about 0.33 million tons (CSA, 2009) . The National and the regional (SNNPR) average yield of the crop is estimated to be 1.2 and 0.9 t/ha respectively (CSA, 2009) . This is far lower than yield recorded at research sites using improved varieties (2.5-3 t/ha) (Asrat et al., 2006) . Among the major production constraints drought stress is a serious agronomic problem and the single greatest abiotic factor contributing to common bean yield loss in southern Ethiopia (Asrat Asfaw, personal communication) .
A better understanding of both the morphological, physiological and biochemical mechanisms involved in plant response to water deficit could therefore help to improve common bean productivity in dry land areas. Different mechanisms may make a drought tolerant plant. It may be by drought avoidance or drought tolerance (Blum & most sensitive periods of its development (Visser, 1994) . Drought tolerance is the ability of the plant to endure or withstand a dry period by maintaining a favorable internal water balance under drought conditions. Loss of leaf area, which could result from reduced size of younger leaves and inhibition of the expansion of developing foliage, is also considered an adaptation mechanism to drought (Acosta-Gallegos, 1988) . Early phenology coupled with rapid ground cover and dry matter production in legumes allows greater post-flower water-use leading to greater partitioning of dry matter into seeds (Siddique et al., 2001) . Cultivars that show greater phenological adjustment exhibit higher seed yields under drought conditions (Acosta-Gallegos & White, 1995) . Significant differences have been observed for shoot biomass accumulation among common bean cultivars grown under moderate to severe drought stress conditions (Ramirez-Vallejo & Kelly, 1998; Rosales-Serna et al., 2004) .
According to Chaves et al. (2002) , in addition to dry matter accumulation, the ability of genotypes to partition stored vegetative biomass to reproductive organs to a large extent determines sink establishment and economic yield under drought stress. Seed yield-based genotypic differences for drought resistance have been reported for common bean (Abebe et al., 1998; Teran & Singh, 2002) . Bean seed yield reduction due to drought stress are attributed to adverse effects of drought stress on individual yield components (number of pods per plant, number of seeds per pod, seed weight and harvest index). The relative importance of individual components as determinants of seed yield varies from experiment to experiment (Ramirez-Vallejo & Kelly, 1998; Shenkut & Brick, 2003) . According to Rao et al. (2009) and Beebe et al. (2009) in addition to shoot biomass accumulation, leaf area index (LAI) and pod harvest index (PHI) have strong positive correlation with seed yield under drought conditions. Pod harvest index is considered as one of the key partitioning indices that measure the remobilization of photosynthates to seed. According to Beebe et al. (2009) , PHI reflects plant efficiency in partition of photosynthates from vegetative shoot structures to pods and from pod wall to grain, which varies with the genotypes and is affected by drought. Strong positive associations have been reported between PHI and grain yield under drought stress and non-stress conditions (Polani et al., 2008; Beebe et al., 2008; Rao et al., 2009 ). In addition to yield components and plant attributes, the efficiency of partition of photosynthates to grain yield has also been the reliable approach to identify drought resistant genotypes under moisture stress conditions (Beebe et al., 2008; Rao et al., 2009 ).
The yields of common bean in the Goffa, southern Ethiopia region are lower than the national average due to frequent drought in the growing season and the drought-prone sandy-to-silt loam soils in the region. Drought during flowering and seed filling stages of the common bean, significantly limits crop productivity in this area. Therefore, field experiments were conducted to study the morphological and physiological responses of common bean genotypes to post flowering drought stress and indentify genotypes that are drought resistance.
Material and Methods

Description of the Study Area
The experiment was carried out during 2009 cropping season at Gofa, southern Ethiopia. The experimental site is located at 1348 masl and lies at 06°18' 17.6´´ N latitude and 036° 50´28.5´´ E longitude. The area with sandy loam soil receives an annual average rainfall of 758.5 mm with average maximum and minimum temperatures of 29.3 and 17.2 ℃, respectively.
Plant Materials
Forty-nine small red seeded common bean genotypes, constituted of inbred lines and released varieties obtained from local and international sources were used for the study. The inbred lines represent SER and SEA families, developed for specific adaptation to drought stress by CIAT, ECAB lines developed for East and Central African Bean growing environments and introduced by the National Bean Research Program and CAW and SNNP lines generated through crossing made at Awassa Agricultural Research Center. Five of the test genotypes were varieties released for wider or specific adaptation and a popular local variety cultivated in the area was also included.
Experimental Design and Treatments
The forty-nine genotypes were evaluated in 7 x 7 simple lattice design. Each genotype was planted on a plot made of two rows of 4 m length with a row-to-row distance of 0.6 m and a plant-to-plant spacing of 0.10 m. The genotypes were grown under two soil moisture regimes, non-stress (NS) and drought stress (DS) conditions. Both watering regimes were managed uniformly following research recommendations. The total rain fall duringrain fall gravity irrigation at field capacity were applied every 10 to 12 days from planting until physiological maturity in the non-stress.
Water balance for each application was calculated based on excess or deficit water in the bean root zone relative to field capacity. Since the experiment was conducted during the dry season rain fall was minimal in the experimental period. Soil moisture measurements made at depths of 0-30, 31-60 and 61-90 cm at 10 days interval between planting and physiological maturity. Irrigation was applied when the root zone water deficit equaled the maximum allowable depletion of the available soil water. The soil moisture was monitored gravimetrically by oven drying the soil sample at 105℃ for 24 hours to obtain the dry weight for each sampled plot. The soil moisture content was calculated as percent by weight using the formula, [(Wet weight g -dry weight g)/dry weight g)] x 100. For drought treatment a total of 3 irrigations were applied (each about 40.5 mm) and supplemental irrigation was suspended after 80% of each plot flowered until the crop was physiologically mature. But the control experiment was kept irrigated until physiological maturity, and a total of 6 irrigations were given (each 40.5 mm).
Data Collection
Days to flowering and days to maturity were recorded as the number of days from planting to when 50% of plants in a plot had at least one open flower and when 75% of plants in a plot had at least 90% of their pods dried, respectively. Leaf Area Index (LAI) was calculated as the ratio of total leaf area to ground area occupied by the plant. Total leaf area were determined by measuring the area of three leaves from top, middle and lower part of three randomly taken plants from each plots using CID-202 leaf area meter (CID, Inc., USA). Pod harvest index (PHI, %), pod wall biomass proportion (PBP, %) and pod partitioning index (PPI) were generated following drought phenotypic protocol (CIAT, unpublished) . Seed yield and yield components (number of pods per plant, number of seeds per pod and 100-seed weight) were determined as described in CIAT (1995) . Harvest index (HI) was calculated as the ratio of seed yield to total above-ground biomass multiplied by hundred. Geometric mean (GM) and drought sensitivity index (DSI) were calculated following the methods employed by Fernandez (1993) and Fisher and Maurer (1978) , respectively. Percent reduction (PR) was calculated as [(mean value non-stress traits) -(mean value of drought stress trait)]/mean value of non-stress.
Data Analysis
The SAS computer package (SAS Institute, 2001 ) was used to test normality of residuals. Mean values were determined for all characters and these mean values were used in analysis of variance (ANOVA) to test genotype differences and the significance of genotypes x environment (NS & DS) interaction effects. After testing the homogeneity of the error variance of the individual locations, combined analyses of variance over the two environments was performed as per the formula given by Gomez and Gomez (1984) .
Results
Analysis of variance revealed high significant differences (p<0.1) among the genotypes for all characters in the study except for days to flowering (DF) under both moisture regime. This indicates that there was adequate variability among the genotypes for days to maturity, days to seed filling, 100-seed wight, pods per plant, harvest indx, pod harvest index, pod wall biomass proportion, pod patition index leaf chlorophyll and canopy tempreture. However, pooled differences among the genotypes were non-significant for pods per plant, canopy temperature and leaf chlorophyll (Table 1) . d.f=degree freedom, WR=watering regime; G=genotype *=significant, **=highly significant, ns= non-significant at p< 0.05 and 0.01, respectively. DF=days to flowering; DM days to maturity, DTSF=days to seed filling, HSW=hundred seed weight (g), PPP=pods per plant, HI=harvest index(%), PHI pod harvest index(%), PBP=pod wall biomass proportion (%), PPI=pod partition index (%), SPAD=leaf chlorophyll(SPAD), CANT= canopy temperature( ℃).
Effect of Drought Stress on Morphological and Physiological Traits
Significant genotypic differences were observed in LAI, PHI and PBP under drought stress growth conditions. Drought stress during the post flowering stage affected different morphological and physiological traits of small red seeded common bean genotypes (Table 2) . Under drought stress condition genotypes MN-12643-1, SER-16, ICTAJU-95-14 and SER-125 were found to have with the highest mean values (3.3, 3.2, 3.2 and 3.1) of LAI respectively. However, CAW-02-01-1-1-3, REDWOLAITA and ECAB-0412 were found to have with lowest (0.9, 0.8 and 0.8) values of LAI respectively. Under similar growth conditions the genotypes ECAB-0427, SER-125, SER-109 and SER-16 exhibited the highest pod harvest index (67.6, 54.8, 53.2 and 47.6% respectively). Genotypes ECAB-0427, CAW-02-04-11-2-4 and SER-16 showed lowest values (26.5, 25.9 and 25.5% respectively) of pod wall biomass proportion. The PHI values of 7.1% for ECAB-0410 and 8.8% for CAW-02-03-8-11 with seed yields of 290.1 and 381.9 kg/ha respectively were markedly lower than that of small red seeded common bean genotypes under drought stress condition (Table 3) . 
Effect of Drought Stress on Seed Yield and Yield Components
Seed yield of all genotypes subjected to drought stress (DS) was significantly lower than the non-stressed (NS) counterparts (Table 3) . Seed yield, pods per plant, 100-seed weight and harvest index of small red seeded common bean genotypes, were significantly reduced by drought stress. The largest reduction in seed yield due to drought stress was in genotypes REDWOLAITA (89%) and ECAB 0412 (89%) followed by SER-178 (87%). These genotypes are sensitive to drought stress. In contrast SER-48, DOR-721 and ECAB-0427 showed lower yield reduction 17%, 0.09% and 22% respectively when exposed to drought stress. In a similar way 100-seed weight of genotypes REDWOLAITA and ECAB-0412 were highly affected by drought stress (30%). Twelve genotypes (ECAB-0424, ECAB-0410, ECAB-0416, ECAB-0412, REDWOLAITA, HAWASSADUME, CAW-02-03-8-11, CAW-02-05-2-7-5,CAW-02-04-4-11-4, RCB-592, SER-178, and K26/3510-9) showed higher values of DSI ( 8, 1643.6, 1849.4, 1323.7, 1542.8, 1615 .9, and 1698.5 respectively were outstanding in their adaptation to drought stress environment. Among the genotypes tested REDWOLAITA produced the lowest seed yield of 112.0 kg/ha under drought stress condition (Table 3) . On average drought stress during post flowering stage reduced seed yield by 59% (Table 3) , 100-seed weight by 19%, seed per pod by 15%, pods per plant by 29% and harvest index by 39% (Table 4) . 
Association among Trait
Correlation coefficients between the NS and DS environments were positive and highly significant (p<0.01) for seed yield and 100-seed weight (Table 5 ). Seed yield in DS environments was negatively correlated with percent reduction (PR) and drought susceptible index (DSI). Seed yield under drought were positively correlated with seed yield under non-stress environment (r=0.68**) at drought stress level of DII=0.61. There was a positive association between percent reduction (PR) and drought susceptibility index (DSI) for seed yield (r=0.97**). Table 5 . Correlations(r) among non stressed (NS), Drought stress (DS), Geometric mean (GM), percent reduction (PR), and drought susceptible index (DSI) for seed yield(kg/ha) and 100-seed weight (g) for 49 small red bean genotypes evaluated both in NS and DS at Gofa, southern Ethiopia in 
Discussion
The largest reduction in seed yield due to drought stress was in genotypes REDWOLAITA and ECAB 0412 confirming these genotypes were sensitive for drought stress and should not be recommended for drought stress areas in the region. Seed yield, pods per plant, 100-seed weight, and harvest index of small red seeded common bean genotypes were significantly affected by drought stress. The number of pods per plant, followed by seeds per pod were the most affected yield components under drought stress. This is consistent with reports on other legumes including common bean (Leport et al., 2006; Carlos et al., 2006; Setegn, 2006) that drought reduced biomass, seed yield, harvest index and seed weight of common bean. The same authors also reported that under the moderate drought; mean seed yield was reduced by 62%. Moderate to severe drought stress reduced biomass and seed yield from 20% to 90%, for harvest index, seeds per pod and days to maturity. Other researchers also reported reduction in biomass, number of seeds and pods per plant, days to maturity, harvest index, and seed yield in common bean by moderate to high drought stress (Ramirez-Vallejo & Kelly, 1998; Acosta-Gallegos & Adams, 1991) . However, as suggested by many researchers the relative importance of individual components as determinants of seed yield varies from experiment to experiment (Ramirez-Vallejo & Kelly, 1998; Shenkut & Brick, 2003) . From the present study genotypes which showed lowest values of PHI under drought stress conditions were not good to mobilize photosynthates to pod and seed. The genotypes with higher values of leaf area index, pod harvest index and lower values of pod wall biomass proportions showed with better yielding indicating greater ability to mobilize photosythates to production of pod and grain. In line with this result under field evaluation Polania et al. (2008) reported three drought adapted common bean genotypes and justified that the superior performance of these genotypes were associated with higher values of leaf area index, pod harvest index and lower values of pod wall biomass proportion. GM was considered for the superior index for evaluation of germplasm under DS and NS conditions (Schneider et al., 1997) . Based on field performance during the experimental period at Goffa genotypes like ECAB-0427, and RCB-592 with higher values of GM coupled with yield under stress condition may possibly be a good source of drought tolerant for genetic improvement.
Genotypes like SER-16 and ICTAJU-19-95-14 were also responsive in both under drought stress and non-stressed condition but SER-48 and SER-125 were well adapted under drought stress. Results of this study are similar to those reported by Schneider et al. (1997) ; Rosales-Serna et al. (2004) and Beebe et al. (2008) as there are some materials that were essentially selected for drought resistance also have better yield potential in favorable conditions but contrary to those predicted by Rosielle and Hamblin (1981) . The later researchers suggested that high yielding genotypes in drought stress were likely to be low in yielding in non-stressed environment. Among the released varieties which were included in the study variety 'NASIER' with seed yield 908.2 kg/ha performed relatively better than the others under drought condition and therefore it can be recommended for areas recurring soil moisture problem. The results obtained in this study are in agreement with the report of Singh (2001) that resistance to drought in modern common bean varieties might have been unintentionally reduced because of the emphasis of breeding have been mainly in introducing better resistance to biotic (insect, pest and diseases) rather than to abiotic stress (drought). The overall response to drought was as expected in both the resistance and susceptible genotypes. The selected drought resistance genotypes ECAB-0427, ICTAJU-95-14, SER-16, SER-48, SER-125, SER-194 and RCB-592 had the highest seed yield under DS while the drought susceptible genotypes like RED WOLIYTA and ECAB-0412 showed lower yield potential under DS. These results are consistent with previous reports (White et al., 1994; Teran & Singh, 2002; Frahm et al., 2004) . The reduction in pods per plant, number of seeds per pod and 100 seed weight due to drought contributed marked decrease in average grain yield (Acosta & Kohashi, 1989; Acosta & White, 1995; Barrios et al., 2005) .
The presence of strong correlation between yields of drought stress and non-stress conditions indicate that genotypes which were performed under non-stress growing also performed under drought stress growing conditions. This result is also in agreements with the findings for Cattivelli et al. 2008 , that explains traits maximizing productivity normally expressed in the absence of stress, can still sustain a significant yield improvement under mild to moderate stress. A high significant correlation (r=73) between yield in non-stress and drought stress conditions was also reported by (Rizza et al., 2004; quoted by Cattivelli et al., 2008) suggesting that, selection based on the absolute performance of the genotypes across environment is more successful than selecting across the minimum yield decrease under stress with respect to favorable condition. The negative correlation of seed yield under DS condition with percent reduction (PR) and drought susceptible index (DSI) were expected, since any genotypes with higher seed under drought stress growing conditions also have reduced values of percent reduction and drought susceptible index. Seed yield under drought were positively correlated with seed yield under non-stress environment (r=0.68) at drought stress level of DII=0.61, because of a positive association between percent reduction (PR) and drought susceptibility index (DSI) for seed yield (r=0.97), either trait could be used in combinations with the geometric mean yield (GM) to select drought resistant genotypes (Table 3) . A positive correlation between seed yield in DS and NS environments supported similar findings by Ramirez-Vallejo and Kelly (1998) and Teran and Singh (2002) .
Conclusions and Recommendation
Drought stress decreased seed yield and shoot biomass of the small red common bean genotypes in the post flowering period, this resulted in a difference between drought resistance and drought susceptible genotypes. Drought resistant genotypes maintained better biomass accumulation and partitioning to reproductive organs than the drought sensitive genotypes under drought stress conditions as it was correlated to seed yield. Generally, there were differences found in seed yield, biomass accumulation and allocations among bean genotypes tested under drought conditions and those genotypes with efficient biomass partitioning to reproductive structures were better adapted to drought stress. Thus strong partitioning of shoot biomass to reproductive structures contributed to increase seed in yield in common beans. Out of the released varieties which were included in the study "NASIER" performed relatively better than others released varieties under drought condition and therefore it can be recommended for areas like Goffa where recurring soil moisture problem. In addition to yield components and plant attributes, the efficiency of partitioning of photosynthates to grain yield has also been the reliable approach to identify drought resistant genotypes under moisture stress conditions. Based on the result of geometric mean (GM), drought susceptible index (DSI) and percent yield reduction (PR) genotypes were identified with greater yield potential under the tested environment. In common beans, better understanding of www.ccsenet.org/jps Journal of Plant Studies Vol. 2, No. 1; 2013 the key adaptive morphological and physiological traits and mechanisms that are associated with growth, biomass partitioning and yield under drought stress conditions can contribute to development of rapid and reliable selection criteria that are needed to identify drought resistant genotypes.
